has been successfully applied to the detection of apolipoprotein (apo) E genotypes in human DNA extracted from peripheral blood. By using four allele-specific oligonucleotide primers and one common primer, one can identify the three common alleles of the apo E genetic polymorphism, #{128}2, #{128}3, and #{128},. The system amplifiestwo sequences of the apo E gene, one of 181 bp and the other 319 bp. These sequences are amplified when DNA containing a particular allele is incubated with its allele-specific oligonucleotide primer and a common primer. The method is simple, reliable, and nonisotopic and obviates the need for digestion with restrictionendonucleases or for hybridization with allele-specific oligonucleotide probes. Genotyping DNA by this method overcomes the problem of post-translational modification of the apo E phenotype encountered with isoelectric focusing of the mature plasma apo E protein. The ape E gene is polymorphic. The three common alleles-#{128}2, #{128}s-and #{128}4-are inherited co-dominantly and codefor three ape E proteins (isoforms): E2, E3, and E4. The isoforms differ at amino acid residues 112 and 158. Isoform E2 has cysteine residues at both sites, E4 has arginine residues at both sites, and E3 has a cysteine at position 112 and an arginine at position 158 (5) . The substitutions produce charge differences, allowing for isoform separation by isoelectric focusing.
peptide of 299 amino acids. 4 The ape E gene has been mapped to chromosome 19 (1, 2), and its nucleotide sequence and structure have been determined (3). Ape E is thought to play a central role in lipoprotein metabolism. Mahley (4) proposesthat chylomicron and VLDLremnant particles are both cleared from the circulation by hepatic apo E receptors.
The ape E gene is polymorphic. The three common alleles-#{128}2, #{128}s-and #{128}4-are inherited co-dominantly and codefor three ape E proteins (isoforms): E2, E3, and E4. The isoforms differ at amino acid residues 112 and 158. Isoform E2 has cysteine residues at both sites, E4 has arginine residues at both sites, and E3 has a cysteine at position 112 and an arginine at position 158 (5) . The substitutions produce charge differences, allowing for isoform separation by isoelectric focusing.
In epidemiological studies, ape E4 has been associated with concentrations of ape B and low-density lipoprotein cholesterol that are higher than those associated with ' (10, 11) . More recently, to increase specificity, isoelectric focusing has been combined with immunoblotting with specific anti-ape E antisera (12, 13). These methods still require pretreatment of samples with neuraminidase to remove sialic acid residues from the ape E proteins. Even then, correct phenotype assignment may be rendered difficult by other pest-translational modifications, e.g., nonenzymatic glycation of ape E, as occursin diabetes mellitus (14-16), or artefacts caused by the prolonged storage of sera (13) .
After the sequencing of the apo E gene (3) and the recognition of the base substitutions responsible for the polymorphisms, these problems have been eliminated by methods that determine genotype directly by using the pelymerase chain reaction (PCR) and hybridization with radiolabeled oligonucleotide probes (17) (18) (19) . However, these techniques involve the use of radiation and are not well-suited for the rapid processing of large numbers of samples.
The Amplification Refractory Mutation System (ARMS) extends the PCR to allow the rapid analysis of known mutations in genomic DNA. The genotype is determined by agarose gel electrophoresis of the reaction mixtures (20) . In this system we use an oligonucleotide specific for the mutation site as one of the PCR primers. The technique is based on the observation that if a primer is mismatched at the 3'-nucleotide, amplification will not occur. The allele-specific primer is therefore synthesized in two forms, one with the mutant and the other with the nonmutant 3'-nucleotide. Amplification will occur with the mutant primer if the mutation is present in the template DNA, or with the nonmutant primer if the mutation is absent, so that hybridization with labeled allele-specific oligonucleotides is unnecessary. To ensure the specificity of the primers, we introduce a deliberate base mismatch adjacent to the 3'-nucleotide (see below). In the present investigation we have applied the ARMS conceptto the determination of ape E genotypes. (17) .
MaterIals and Methods
Oligonucleotide primers. The oligonucleotide primers were prepared with a Model 380A DNA synthesizer (Applied Biosystems, Ramsey, NJ) and used without further purification. The orientation of the allele-specific and common primers within the ape E gene is illustrated in Figure 1 . The base sequence of the allelespecific ARMS 2 primer used to detect the variation at nucleotide 3884 (amino acid 158) was 5'TCCTCCGC-GATGCCGATGACCTGCAGAATF3', and that of the #{128} primer was 5'TCCTCCGCGATGCCGATGACCTGCA-GAATC3'. The base sequence of the allele-specific ARMS 4 primer used to detect the variation at nucleotide 3746 (amino acid 112) was 5'CCCGGC-TGGGCGCGGACATGOAGGACG1IC3'; that of the e primer was 5'CCCGGCTGGGCGCGGACATGGAG-GACGTIT3'. The underlined base, next to the allelespecific 3'-base, is the base that has been deliberately destabilized by substituting T for G to ensure absolute allele-specificity. The common primer was 5'TGGGC-CCGCTCCTGTAGCGGCTGGCCGGCC3'.
After the conditions necessary to achieve successful allele-specific amplification of the ARMS primers alone were established, we tested several possible internal control primers for amplification under the same conditions. These spanned (a) a 360-bp fragment of exon 3 of the a1-antitrypsin gene, (b) a 220-bp region of exon 5 of (17) are summarized in Table 1 . In one sample, no amplification occurred with either the ARMS or the internal control primers. All the other samples gave the correct amplification patterns expected of a particular genotype. Each of the three homozygoteshas two different amplification products. In #{128}353 samples, these were obtained with primers Arg 158 and Cys 112 (Figure 2, tracks 7-10 (Figure 4, tracks 10-13) . ARMS therefore successfully distinguishes between the six genotypes and the corresponding protein phenotype.
DIscussion
ARMS was first described when it was used to detect mutations in the a1-antitrypsin gene (20) . Subsequently the technique has been used in the prenatal diagnosis of cystic fibrosis (23,24) and phenylketonuria (25), and is extended here to the direct analysis of ape E genotypes. ARMS has several advantages over the indirect method of analysis in which genotype is inferred from protein isoforms and where artefacts may be produced by posttranslational modification of ape E; e.g., ape E may be glycated as much as 30-fold in patients with diabetes (14) , which increases the anodal mobility of the protein and may lead to a misclassification of genotype with an apparent increase in E2 and decrease in E4 frequency. This might explain the increased incidence of ape E2 in patients with insulin-dependent diabetes compared with a healthy population (26 A/A, C/T, TIT, and C/C are more refractory to amplification than are the purine/pyrimidine mismatches GIT and A/C. A 3'-nucleotide purine/pyrimidine mismatch therefore requires additional destabilization to ensure primer specificity. We found that the ARMS primers generated a G/T or A/C primer/template mismatch. Therefore, we introduced additional destabilization by substituting the T for the G adjacent to the 3'-nucleotide in each of the four primers, to generate CIT mismatches. Specificity was further enhanced by using large (30-mer) primers with a GC content of >50%. A relatively high annealing temperature of 60#{176}C also reduced nonspecificbinding of primers.
The analysis of ape E genotypes by ARMS is both reliable and robust. Only one DNA sample failed to amplify at all, perhaps because of contamination of the DNA with EDTA, as has been reperted by others (25) . However, we were unable to pursue this hypothesis because of a shortage of sample. In conclusion, we find that, with good-quality DNA samples, ARMS is a reliable method of phenotyping ape E and probably preferable to phenotyping by isoelectric focusing of proteins for studying patients with diabetes or patients in whom phenotypic assignment by traditional procedures is equivocal.
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